Tuset Sanchis, L.; Castro Palacio, JC.; Gómez-Tejedor, JA.; Manjón Herrera, FJ.; Monsoriu Serra, JA. (2015). The study of two-dimensional oscillations using a smartphone acceleration sensor: example of Lissajous curves. Physics Education. 50 (5) The smartphone acceleration sensor is used to study two-dimensional harmonic oscillations. The data recorded by the free Accelerometer Toy Android application is used to determine the periods of oscillation by graphical analysis. Different patterns of the Lissajous curves resulting from the superposition of harmonic motions are illustrated for three experiments. This work introduces an example of how two-dimensional oscillations can be easily studied with a smartphone acceleration sensor.
Introduction
Many experiments using portable devices in Physics teaching have been recently reported in the literature. Digital cameras, 1 webcams, 2 optical mouse of computers, 3, 4 wiimote, 5 and other game console controllers 6 have been included. For instance, by using a simple digital camera, 7, 8 a physics experiment can be followed. The recorded videos allow to measure time, distances and positions of objects.
The use of portable devices has been recently extended to the smarphones. Particularly, the acceleration sensor incorporated to the smartphones has been used for the study of single and coupled oscillations at both qualitative and quantitative levels in high schools, 9, 10 and in universities, 11, 12 respectively. In this work, we extend the use of the smartphone acceleration sensor to the study two-dimensional oscillations.
In fact, most of oscillations in student's everyday life and modern technology are more than one-dimensional. This is a major reason to include two-dimensional oscillation examples in Physics teaching and taking advantage of the possibilities provided by the smartphone acceleration sensor which is a common device of daily use by the students. As an amenable example, we have chosen the study of the Lissajous curves. Several works on Lissajous curves and Physics teaching have been reported in the literature.
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For example, Lissajous curves are used to determine the frequency of a signal by combining them with another signal of known frequency.
So far, the study of two-dimensional oscillations is carried out using somehow tedious experiments. For example, in reference 17 authors use an air table and a puck connected to it by springs. The trajectory of the puck was followed by the trace described by it on a paper, which is later digitalized to extract the information of the trajectory, that is, x(t) and y(t). The introduction of the smartphone acceleration sensor in measuring two-and three-dimensional oscillations represents a major progress in this respect since the instantaneous values of the acceleration are registered by the sensor along its three perpendicular axes. As to the knowledge of the authors, this is the first work on two-dimensional oscillations using the smartphone acceleration sensor.
The outline of the paper is the following. In section II we describe the smartphone acceleration sensor and one of its free Android applications: Accelerometer Toy. In section III, we describe the experimental setup. In section IV, three different arrangements of two-dimensional oscillations are described. In the second and third of these experiments, the resulting mechanical Lissajous curves are
shown. Finally, in section VI, some conclusions are drawn. L
Experiment 3
Finally, in this experiment two springs of (20.6 ± 0.1) N/m are used along the x-axis and, two of (79.6 ± 0.7) N/m along the y-axis.
The mass of the smartphone changes with respect to previous experiments and along with the carrying tray is (0.2145 ± 0.0001) kg. A diagonal shift along y = x curve is performed and the system starts oscillating. In Figure 5 panel a, the oscillations of the acceleration along x and y axes are shown. The periods from the acceleration data are shown in Table 1 . In Figure 5 
